Introduction
Traditionally, research on infectious diseases has taken place within isolated disciplines such as plant pathology, human medicine and veterinary medicine, and, within these disciplines, research laboratories and funding are often tied to specific hosts and pathogens [1] . However, many important pathogens are host generalists and host-pathogen interactions can be governed by variable and changing environmental conditions such as temperature, rainfall and nutrient supplies or the presence of alternative hosts [2 -5] .
Recent research in community and theoretical ecology has benefited from theoretical foundations in statistical physics and mechanics, and thus has provided important insights into the dynamics of species distribution and interactions in complex systems [6] [7] [8] . In disease ecology, such integrative work on host -pathogen interactions can be translated into better forecasting and management of infectious disease [1] , especially in the face of human alteration of the global ecosystem. Importantly, altered abiotic regimes including global biogeochemical cycles and biotic interactions including the spread of invasive species have led to global and local declines in species diversity [9, 10] . The simultaneous trends of accelerating loss of native biodiversity [11, 12] and emergence of infectious diseases [13 -15] has spurred investigations into the role that host species diversity can play in mediating host -parasite interactions [2, 16, 17] . Biodiversity can modify infectious disease prevalence and risk through either an amplification or a dilution effect [2] . Disease dilution, an important ecosystem service, has been reported for a variety of systems from vectorborne zoonoses (i.e. diseases transmitted from animals to humans) to directly transmitted plant pathogens [16, [18] [19] [20] [21] [22] . However, a variety of mechanisms might underlie this common pattern, and the effects of biodiversity on disease prevalence are still in debate [23] [24] [25] . Examination of theoretical and empirical studies has revealed the importance of specific characteristics of the hosts and parasites involved, of the type of metric used to assess disease risk, of the spatial scale used to assess the biodiversity-disease relationship, and of changes in host community structure versus diversity [23,26 -28] .
When pathogen transmission is density dependent, as is typical for directly transmitted diseases with a narrow host range and diseases transmitted by 'sit-and-wait' vectors (e.g. ticks), biodiversity can alter infection prevalence through a change in the absolute abundance of hosts and vectors [22,29 -31] . The prevalence of generalist parasites with vectors that disperse over long distances, thereby reducing the density dependence of transmission, may also depend on biodiversity under certain conditions [16, 23, 29, 32] . In particular, reduced encounter probability between susceptible hosts and infected vectors can reduce infection risk with increasing biodiversity when host behaviour or vector search efficiency is altered [2, 33] . Disease prevalence can also be affected by heterogeneity in the competence of host reservoirs for parasite transmission [32, 34] . Taken together, this body of work points to the importance of host biodiversity for controlling disease spread via interspecific variability in host competence and vector search efficiency [2, 26, 32] .
The potential for hosts to affect the dynamics of generalist vector-borne parasites (host competence) depends on several key epidemiological parameters, including host susceptibility, vector feeding preference and fecundity, and pathogen transmission, which can vary according to host traits such as life history and physiological phenotype [35] [36] [37] . Thus, compositional shifts favouring highly competent species in communities are expected to increase transmission rate leading to disease amplification [35, 38] , whereas an abundance of nonor poorly competent species would reduce disease incidence leading to dilution [23, 32] .
The distinction between host diversity, host community composition and trait variability [23] is particularly important for predictions of disease prevalence with changing community composition via reduction of species diversity. Realistic biodiversity losses have been shown to disproportionally involve species characterized by particular sets of functional traits [39 -41] . Thus, depending on whether host species' parameters that enhance pathogen spread covary with the order of host species' loss, the effects of biodiversity loss on disease prevalence could be predicted by the order of species loss in community disassembly, and by traits of host species left in communities [26] . The detection of a dilution effect for generalist vector-borne diseases would thus require more competent hosts also to be more ubiquitous, i.e. to be present in species-poor sites and to co-occur in species-rich communities with non-or poorly competent species [2, 23, 29, 32] . A relationship between host ubiquity and competence has been demonstrated in some cases [16, 42] . However, the generality of this mechanism for promoting disease dilution has yet to be demonstrated in a variety of systems and realistic communities (but see [43] ).
We quantified the prevalence of a suite of four generalist vector-transmitted phytoviruses (barley and cereal yellow dwarf viruses, B/CYDVs, Luteoviridae) in a sentinel host (Bromus hordeaceus, Poaceae) as well as the diversity, distribution and local abundance of host and non-host plant species in grasslands at 31 sites in the Pacific coast grasslands of North America. California grasslands have experienced a broad-scale shift in community composition caused by the introduction of annual grasses and forbs from the Mediterranean region that subsequently dominated native perennial species [44, 45] . In this region, we observe variation in species and host richness [41] , variation in the local abundance of species and trait variability [35] , providing a promising system for testing the relationship between host diversity and disease prevalence. In addition to our widespread survey, we measured the competence of 20 different common host species, including the ability to become infected, to re-transmit virus infection and to promote vector reproduction and preference under controlled conditions. We use these data to address the following specific questions:
-Does host species diversity determine pathogen prevalence? -Is the composition of low-diversity host communities a predictable subset of high-diversity communities? -Does the species loss order affect disease prevalence, i.e.
are more ubiquitous host species more competent for pathogen spread?
2. Material and methods
Study system
B/CYDVs are RNA plant viruses from the Luteoviridae family. These globally distributed viruses are obligately transmitted from plant to plant via aphid vectors (Aphididae) in a persistent, circulative and non-propagative manner [46] . The B/CYDV group includes members of the genera Luteovirus (e.g. BYDV-PAV and -MAV) and Polerovirus (e.g. CYDV-RPV) as well as unassigned virus species (e.g. BYDV-RMV and -SGV; International Committee on Taxonomy of Viruses, www.ictvdb.org). At least 25 aphid species are known as vectors of B/CYDVs, but the transmission efficiency of vectors for each virus species differs strongly [47] . BYDV-PAV is one of the most frequently detected virus species in both crop and wild plants and is efficiently transmitted by the aphid vector Rhopalosiphum padi [48 -51] . B/CYDVs are known to infect at least 150 grass species in the Poaceae family [52] . The replication cycle of B/CYDVs is restricted to host phloem cells and can be associated with symptoms, including dwarfing, yellowing and reddening that can lead to decreased infected host fecundity and lifespan [52, 53] . B/CYDVs have contributed to significant agricultural losses [54] and have been recognized as the precursors of a remarkable shift in the plant species composition of natural California grasslands [55, 56] At each site, we collected leaf tissue from up to 20 individuals of B. hordeaceus. The exotic annual grass B. hordeaceus is one of the most ubiquitous species on the west coast of North America [57] , making it an ideal sentinel host species for comparing B/CYDV prevalence at multiple locations. In addition, B. hordeaceus is an effective sentinel, because it is annual, which means that all infection occurred in the current growing season, and it does not experience strong disease-induced mortality [53] . Thus, infection prevalence in this species represents a good estimate of incidence, the probability of being infected during a single growing season.
Whole plants were collected as late as possible in the season when green plant tissue could be collected and well after the seasonal peak in aphid abundance (E. T. Borer 2008, unpublished data). The 609 collected plant leaf samples were shipped overnight from the field and then tested for the presence of four virus species (BYDV-PAV, BYDV-MAV, BYDV-SGV and CYDV-RPV) using double-antibody sandwich enzyme-linked immunosorbent assays (DAS-ELISA; [50] ) and appropriate specific antisera (Stewart Gray, Cornell University, NY, and Agdia, Elkhart, IN, USA). Infection prevalence was calculated as the proportion of hosts infected with B/CYDVs across B. hordeaceus plants sampled at each site.
We also estimated the percentage of the local area covered by each plant species present in between 1 and 70 0.5 Â 1 m quadrats per site. Quadrats were placed adjacent to B. hordeaceus collection locations at each site in order to characterize local host composition close to hosts collected for virus analyses. Cover was estimated independently for each species, such that total cover can sum up to more than 100% in communities with multi-layered canopies. Plant species local abundance and richness was calculated as the mean cover and the mean number of species present per 0.5 m 2 at each site. For each plant species, we used the number of surveyed sites where it was encountered as a measure of its distribution among sites (i.e. ubiquity).
Host susceptibility to virus infection and transmission rate of secondary inoculations
In greenhouse studies, we measured the susceptibility to virus inoculation and the ability to transmit the infection to susceptible hosts for 20 grass species, corresponding to nine annual and 11 perennial hosts in six different polygenetic tribes (see electronic supplementary material, table S2) that occur in the North American west coast flora [57] . Plants were started in laboratory conditions from seeds which were collected in a subset of our study sites. Ten individually grown plants per species were inoculated at the two-leaf stage (10 days after germination) with the BYDV-PAV BV113 isolate [35] . Test plants received five individuals of the aphid vector R. padi that originated from disease-free laboratory colonies and then fed for 48 h on virusinfected detached plant leaves, immediately prior to challenging the test plants. Aphids on test plants were killed after a 5 day inoculation access period, and leaf tissue was collected from each individual plant 14 days after inoculation to allow time for virus replication. The presence of BYDV-PAV was then assessed using DAS-ELISA [50] with monoclonal antibodies specific to BYDV-PAV (Agdia). At 40 days after primary inoculation, leaf tissue was collected from each infected host for a secondary inoculation, except in a few cases where plants died right after having been sampled for DAS-ELISA. Following the same inoculation protocol, aphids were allowed to feed for 48 h on infected leaves and were then transferred onto healthy barley hosts for a 5 day inoculation period. For each source plant, eight individual barley hosts were inoculated. We assessed each inoculated plant for virus infection 14 days after the secondary inoculation as mentioned above. For each plant species, we used the proportion of hosts infected with BYDV-PAV after the primary and secondary inoculations, respectively, as a measure of host susceptibility and ability to transmit the infection to susceptible hosts.
Aphid fecundity and host plant preference
We used data from two previously published experiments [38] to assess aphid (R. padi) fecundity and host preference for a subset of host species included in four different phylogenetic tribes (see electronic supplementary material, table S2). Although R. padi is one of many aphid vector species of B/CYDVs, it is an efficient agent in spreading BYDV-PAV [47] . In these studies, R. padi fecundity was assayed on naturally occurring populations of eight focal species in 2006 at one of our survey sites in an open oak savannah in Oregon (Baskett Slough National Wildlife Reserve, 44858 0 N, 123815 0 W). We placed a single mature apterous aphid, originating from disease-free laboratory colonies, in sleeve cages (8 Â 2 cm) of 118 mm polyester mesh (Sefar America Inc., Kansas City, MO, USA) affixed to individual grass blades. Sleeve cages were deployed on 10 individuals per host species for each of two temporal blocks between 11-14 June and 20-23 June 2006, except for Taeniatherum caput-medusae, which had senesced by the time we performed the second temporal block (150 sleeve cages total). Test hosts were selected randomly for both temporal blocks. After 4 days, aphid fecundity was assessed by recording adult survival and counting young aphids in each cage.
Rhopalosiphum padi preferential feeding was assessed by placing 30 adult aphids in the centre of each of 17 pots (3.78 l), equidistant from each individual (one per host species) that had been planted in a randomized radial pattern five weeks before. Pots were then covered with a 118 mm polyester mesh hood and placed in a growth chamber at 21.18C. After 24 h, we counted the number of adult aphids on each individual plant. Because plants of the same age differed in size, we removed, dried and weighed the above-ground plant tissue of each plant. Aphid counts were then calculated per gram of dried host tissue.
Statistical analyses
All statistical analyses were performed using R version 2.15.2 (R Foundation for Statistical Computing, Vienna, Austria).
First, we used generalized linear models [58] to assess whether plant species richness and local abundance (mean number of species and mean cover per 0. rsif.royalsocietypublishing.org J. R. Soc. Interface 11: 20130947 prevalence in natural grassland communities using a logistic regression. In order to test the relative importance of plant species diversity and of local abundance on disease prevalence, we tested the robustness of the disease-host diversity relationship using a linear model after having controlled for the variation in the cover of the focal host B. hordeaceus and in the total cover of hosts. In addition, we used a linear model to examine the relationship between plant species richness and host local abundance. Second, we assessed the variation in plant community composition in assemblages of various host diversity with the nestedness temperature calculator [59] using one randomly selected 0.5 m 2 quadrat per site. The calculator tests to what extent the species in species-poor samples are nested subsets of species present in richer assemblages.
Third, we assessed the relationship between host competence for disease spread and the species loss order using a measure of host ubiquity (the number of sites where each species was present). We used generalized linear models with a logistic regression to analyse host competence data for virus infection and transmission and a Poisson regression for aphid vector reproduction and preference data.
Results

Plant and virus species occurrence and abundance
The mean overall prevalence of B/CYDVs was 28.7% and ranged from 0% to 85% of tested samples at each site. The mean virus species prevalence was 21.7% for BYDV-PAV, 11.3% for BYDV-MAV, 7% for CYDV-RPV and 3.4% for BYDV-SGV. The mean cover per 0.5 m 2 of the sentinel host B. hordeaceus and of all hosts (i.e. all grass species including B. hordeaceus) was 15.2% (ranging from 0.25% to 60%) and 58.8% (ranging from 27.5% to 130%), respectively. On average, 4.05 host species occurred per 0.5 m 2 (ranging from two to seven species).
Host species richness and virus prevalence
The mean overall prevalence of B/CYDVs in the sentinel host B. hordeaceus was negatively associated with host richness ( p , 0.01, slope ¼ 20.33 + 0.12; figure 2 ). figure 3a ) and the prevalence of BYDV-PAV ( p , 0.001, slope ¼ 0.04 + 0.079) increased with local abundance (mean cover) of the focal host B. hordeaceus. However, the variation in the cover of B. hordeaceus was not associated with host species richness ( p ¼ 0.29, adjusted R 2 ¼ 0.004; figure 3b ) and the negative relationship between host species richness with mean overall prevalence ( p ¼ 0.01, slope ¼ 20.92 + 0.35; figure 3c ) and prevalence of BYDV-PAV ( p , 0.01, slope ¼ 21.08 + 0.36) remained significant after controlling for variation in B. hordeaceus abundance.
Increased mean cover of all hosts was negatively related to both the mean overall virus prevalence ( p ,
Grassland community structure
Twenty-seven host species were found across all 31 study sites (table 1) . The nestedness analysis, performed on a matrix of presence/absence of host (grass) species at each study site, indicated that host plant composition was nested among sites ( p ¼ 0.01, nestedness temperature value ¼ 19.2). Thus, grass species composition was predictable across the observed gradient in species diversity. Grass communities at species-poor sites included ubiquitous species and constituted subsets of the assemblages found at richer sites, which included both ubiquitous hosts and species with a restricted distribution among sites (table 1) . Half of the perennial species in the host community were each encountered at a single site, whereas the other perennial hosts were observed in 2-11 of the 31 study sites. The two most ubiquitous species, B. hordeaceus and Bromus diandrus (annual exotic grasses), were present in more than half of the study sites in both species-rich and -poor communities (table 1) .
Host competence and ubiquity
Host competence for virus spread varied widely across all host species. The susceptibility of plants to infection and the transmission rate from plants to healthy barley hosts ranged from 0% to 90% and from 18% to 82% of infected samples, respectively (see electronic supplementary material, table S2). Aphid fecundity and aphid preference ranged from 0.1 to 1.05 R. padi nymphs produced per adult per day and from 2.6 to 20 R. padi individuals on each host per above-ground dry plant mass, respectively (see electronic supplementary material, table S2). Bromus hordeaceus was one of the most competent hosts for virus transmission (82.05% of infected plants), aphid fecundity (1.04 R. padi nymphs per adult per day) and preference (17.86 R. padi individuals per above-ground host mass), but not for host susceptibility (50% of infected plants). Annual species were superior hosts compared with perennials in terms of the susceptibility to inoculation ( p , 0.001), the ability to transmit the infection to healthy barley hosts via vectors ( p , 0.01) as well as for aphid reproduction ( p , 0.001) and preference ( p , 0.001). Plant origin (native Plant life history and host ubiquity (figure 4) had a significant interactive effect on host susceptibility to infection ( p , 0.01), virus transmission to healthy barley hosts ( p , 0.01), and vector fecundity ( p , 0.01) and preference ( p , 0.001). Host susceptibility was negatively associated with host ubiquity for both annual and perennial species (figure 4a). A positive relationship was found between ubiquity and both annual and perennial host ability to support vector reproduction (figure 4c). Host competence for virus transmission to vectors and vector preference increased with ubiquity of annual species, whereas the converse was found for perennials ( figure 4b,d ).
Discussion
By concurrently examining grass community composition along gradients of diversity and host competence for disease spread, this study demonstrates the importance of processes of community disassembly for disease dilution to occur in a focal host.
Host species diversity and pathogen prevalence
The decline in prevalence in our sentinel species with increasing host species richness is consistent with 'dilution' [2] , the negative biodiversity -disease relationship described in several animal [18, 21, 60] and plant [19, 20, 22, 61, 62] parasite systems. Potential drivers of disease prevalence in both vectored and directly transmitted parasite systems include host abundance [22, 34] ; thus, the amplification or dilution of disease can be driven by the trajectory of host abundance with declining diversity. In this study, we found that the infection prevalence in our focal, vectored, generalist phytoviruses B/CYDVs increased with declining host diversity but was not explained by variation in abundance of the sentinel host B. hordeaceus. By contrast, overall host density increased with total plant diversity, but experienced reduced virus prevalence. These results suggest that virus incidence in the focal host species is affected by the composition of the entire host community rather than a simple dependence on species diversity, consistent with previous work on several generalist pathogens [18, 19, 22, 43, 61] .
Variability in host functional traits is particularly important for generalist pathogens with frequency-dependent transmission (e.g. insect vectored), because transmission in communities depends primarily on the competence of multiple host species [32] . For many pathogens, host competence for pathogen transmission varies according to host physiological phenotype, and transmission can be increased through a spillover effect in the presence of a single highly suitable host [35, 63] , whereas the addition of non-or poorly competent species in communities can lead to a dilution effect [23, 32] . B/CYDV prevalence in previous surveys of both natural and experimentally manipulated plant communities was not associated with host species richness [51, 61, 63, 64] , but previous studies [43, 65] have demonstrated a strong impact of host identity and host community composition on virus prevalence.
Composition of host communities in species-rich and species-poor assemblages
The current analyses reveal that host communities at speciespoor sites represent nested subsets of plant assemblages in more species-rich environments, indicating a non-random pattern of biodiversity loss with important ramifications for ecosystem invasions [39, 41] . Our results provide insights into the role of this community disassembly pattern in disease dynamics. Under this scenario of disproportionate loss of particular species, ecosystem functions, such as the regulation of disease prevalence, will depend on the traits of species left in low-richness communities [26, 41, 66] . Furthermore, the effects of declining diversity on vectored disease risk will also rely on whether host competence for parasite and vector population growth covaries among hosts. In our study system, there is strong evidence that disease is amplified by loss of diversity because of the association between host competence and loss order. Ecosystems, including grasslands along the North American west coast, have undergone major changes in community composition and species diversity caused by environmental rsif.royalsocietypublishing.org J. R. Soc. Interface 11: 20130947 Table 1 . Characteristics of grass species observed across all 31 study sites and composition of communities along the gradient of host diversity. Species are listed by decreasing order of ubiquity (i.e. distribution among sites). Values correspond to the mean percentage area covered by each species per host diversity level. rsif.royalsocietypublishing.org J. R. Soc. Interface 11: 20130947 stressors such as climate change, modifications of nutrient cycling and introduction of exotic species [67, 68] . Grasslands in California have been invaded by exotic annual grasses from the Mediterranean region that eventually became dominant over native perennial species [44, 45] . Hence, our results suggest that disease amplification in this system could have arisen from the introduction of a suite of highly competent and ubiquitous hosts into communities that were initially dominated by less competent hosts, and from the subsequent decline of species to the highly competent subset of invaders.
Host ubiquity and competence for pathogen spread
We found that competence for each of the four parameters related to virus epidemiology differed widely across tested species. Our focal ubiquitous host species B. hordeaceus (annual, exotic, Bromeae phylogenetic tribe) was characterized by an average susceptibility to virus infection across all species tested. However, B. hordeaceus was one of the two most efficient species to transmit virus infection, to attract aphid vectors and to support vector reproduction. Annual species were superior hosts compared with perennials for each of these parameters, which is consistent with previous findings [35, 38] , and the most ubiquitous annual hosts were also the most competent for aphid reproduction, preferential feeding and virus transmission. Interestingly, the ubiquity-competence relationship that underlies the disease dilution effect in this study is more related to annual host ability for transmission to other hosts than to susceptibility to virus inoculations. While host susceptibility to primary infections is critical for initiating disease dynamics in communities, variability in host ability for pathogen transmission can drive disease dynamics [69, 70] . Host ability to become infected (susceptibility) and to host ability support disease transmission are not always coupled [71 -73] , suggesting that these two epidemiological parameters might have evolved under different ecological and/or evolutionary pressures. While the drivers of interspecific variability of host susceptibility to parasite infection remain conjectural [74] , the disease transmission rate is often related to within-host virus accumulation [75, 76] .
Disease dilution might have been driven in this system through the presence and abundance of perennial hosts that are less competent for further community-wide disease amplification by supporting low aphid fecundity and virus transmission rate. Specifically, the effect of highly competent hosts for disease accumulation and transmission can be diluted if less competent hosts are present in more diverse communities, relative to low-diversity communities in which hosts are all highly competent for disease transmission. This effect could thus increase the probabilities of pathogen transmission even in less diverse communities dominated by low-to -intermediate competent species for susceptibility, as illustrated in our system by the robustness of the negative disease-host diversity relationship to the variation in the abundance of the sentinel host.
Identifying the mechanisms leading to inter-and intraspecific variability in host competence for disease spread remains a central area of investigation in disease epidemiology and ecology [36, 37, 77] . Species are characterized by different fitness-related traits and strategies that were shaped by tradeoffs that constrain investment of resources in certain functions at the expense of others in the context of resource limitation [36, [78] [79] [80] . For example, investment in resistance to infection by parasites can be associated with a fitness cost and has been shown to vary according to host lifespan [36, 37, 81] . Across kingdoms, short-lived species (e.g. annual plants, white-footed mice) display relatively high reproductive output, population growth, metabolic rates and resilience to disturbance, but invest less in defences against pathogens compared with closely related but longer-lived species [35, 42, 82, 83] . Thus, a relationship between host ubiquity and competence probably results from evolutionary trade-offs among host growth, resilience and parasite resistance.
Furthermore, the effects of declining diversity on vectored disease risk will also depend on whether vector abundance, diversity and foraging behaviour (for long-distance vectors) respond to host diversity. We found in this study that the most ubiquitous hosts were also the most competent for the proliferation of aphid vectors of our focal virus species, which contributes to disease dilution in this system. Nevertheless, assessing how vector abundance actually varies with host species diversity would clarify the relative importance of host competence for disease transmission and vector reproduction on disease dilution. Positive bottom-up effects of plant richness on insect diversity [20, 61] could promote parasite diversity at the scale of all host species present in species-rich communities, which could counteract the effect of heterogeneity in competence of host reservoirs on disease dilution [26, 32] . In addition, as pointed out by Randolph & Dobson [23] , if vectors preferentially feed and reproduce on the most competent hosts, then the addition of low-competence species would not be expected to decrease infection prevalence in species-rich communities, unless vector behaviour is altered [2, 33] . Under conditions of high aphid abundance in genetically diverse plant populations, aphid movement rates between plants were higher, and single host tenure time was lower [84] . Given that transmission of persistently transmitted viruses such as B/CYDV requires several hours of feeding on both source and sink plants, virus prevalence could be reduced in species-rich communities compared with species-poor communities because of both reduced host tenure time of aphids and low competence for pathogen spread of other grasses compared with the most competent host.
Taken together, the results of this study highlight the interconnectedness of host species composition, trait variability and the non-random loss order rather than highlight simply the number of species in a community, as critical components of the mechanism underlying observed biodiversity-disease relationships [23, 26, 29] . Our results indicate that disease dilution of B/CYDVs arises from a suite of traits displayed by our focal host species including co-occurrence with poor-to non-reservoirs in species-rich environments, persistence in the local species pool as biodiversity declines, and high competence for transmission of infectious agents and proliferation of their aphid vectors. Our study, focusing on generalist parasites transmitted by vectors that disperse over long distances, is one of the few studies indicating the ubiquity-competence relationship as a mechanism for promoting disease dilution in real communities (also see [18, 43, 85] ), and demonstrates that the ubiquitycompetence mechanism also applies to the plant kingdom. Interestingly, declining host community diversity also has been shown to control specialist pathogens with densitydependent transmission via increased contact among hosts [22] and can also increase the incidence of generalist pathogens rsif.royalsocietypublishing.org J. R. Soc. Interface 11: 20130947 via reduced variance and increased mean host competence [32] , as seen in this study. Thus, in the context of the growing corpus of work examining the dilution effect in a wide variety of hosts, this study provides insights into the most general influences of host community composition on disease. Specifically, we find the emerging generality that the abundance trajectory of the most competent hosts with declining diversity, and the relative competence of the focal host in this context, will allow us to predict amplification or dilution of disease in focal host species, in particular in the context of environmental changes such as the invasion by exotic species. In doing so, an empirically parametrized and synthetic model incorporating disease prevalence, host species characteristics and various spatial scales would constitute a fruitful avenue for further research and would provide interesting insights on the relative contribution of each species' abundance as well as each host's competence for pathogen transmission, vector proliferation and diversity on community-wide disease incidence in assemblages varying in diversity [28, 65] .
The current work demonstrates the importance of the larger ecosystem context governing host-pathogen interactions. In natural systems, human activities have led to increased system eutrophication, species extinctions, and the spread of invasive species sharing a distinct suite of demographic traits [9, 86] .
Our results demonstrate that alterations to the physical or biotic environment that cause non-random species losses and changes in the distribution of species traits can also alter infectious disease [34, 55, 64] dynamics. Thus, our results suggest that insights from ecological research can motivate further studies at the interface of disease ecology and statistical physics and mathematics in order to model interaction networks in complex host-pathogen systems and can provide general insights into the dynamics of infectious diseases in the face of increasing human impacts on global ecosystems [1, 9] . rsif.royalsocietypublishing.org J. R. Soc. Interface 11: 20130947
